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Growth  enhancing  and  immunostimulating  potential  of  a  polyherbal  formulation  AquaImmu  was
assessed  in Penaeus  monodon  outdoor  culture  system  which  was  tested  for  90 days.  For  this  100
(A1),  200  (A2),  300  (A3)  and  400  (A4)  mg/100  g AquaImmu  supplemented  diets  were prepared  and
fed  to  shrimp.  The  growth  performance  of shrimp  was  assessed  during  the  30th,  60th  and  90th
days  of  feeding  experiment.  It showed  that  shrimp  fed  on  A3  diet  displayed  better  growth  perfor-
mance  such  as SGR  (5.46  ± 0.138%),  Food  conversion  efﬁciency  (66.32  ±  1.258%)  and Food  conversion
ratio  (1.50  ± 0.060)  during  the  90th day  of  feeding  experiment.  Immunological  parameters  such  as
total  haemocyte  count  (243.0  ± 2.94 × 105 cells/ml),  superoxide  anion  activity  (0.297  ±  0.011  O.D),  phe-mmunomodulator
enaeus monodon
henoloxidase
uperoxide anion
noloxidase  activity  (0.113 ± 0.003  O.D),  lysozyme  activity  (0.354  ± 0.006  U/ml),  plasma  protein  content
(57.70  ±  2.01  mg/ml)  and  bactericidal  activity  (72.0  ±  2.18%)  were  higher  in  shrimp  fed on  diet  A3  during
90th  day  of  feeding  experiment.  The  result  inferred  that  the  polyherbal  formulation  AquaImmu  at  a  con-
centration  of  300  mg/100  g feed  served  as  a potent  growth  promoter  and  immune  modulator  in shrimp
P.  monodon.
©  2016  Published  by Elsevier  B.V. This  is an  open  access  article  under the  CC  BY-NC-ND  license. Introduction
In aquaculture, plant products are used as immunostimulants,
hich are capable of elevating the nonspeciﬁc immunity in ﬁsh
pecies (Hardie et al., 1991; Rao et al., 2006 Ardo et al., 2008).
urther the use of antibiotics and chemotherapy has not been
ncouraged due to some ill effects such as drug resistance in bacte-
ia and causing toxic effects. Moreover, they also accumulate in
he body of ﬁshes and also remain as such in the environment
Sudagar and Hajibeglou, 2010). Antibiotic application in aqua-
ulture also suppresses the immune system (Rijkers et al., 1980).
lternatively, plant products are ecofriendly, possess a beneﬁcial
ffect and do not cause any problem (Faraj et al., 1989; Citarasu
t al., 1998; Sagdic and Ozcan, 2003). The beneﬁcial effect of plant
roducts are reducing the stress condition, serving as an appe-
izer, rendering antimicrobial activity as well as stimulating the
mmune system (Citarasu et al., 2006; Immanuel et al., 2010).
∗ Corresponding author.
E-mail address: plavesh06@gmail.com (A. Palavesam).
ttp://dx.doi.org/10.1016/j.aqrep.2016.10.002
352-5134/© 2016 Published by Elsevier B.V. This is an open access article under the CC B(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Herbal preparation plays a prominent role in controlling diseases
by exhibiting their antioxidant and antimicrobial activity (Prasad
and Dyoy, 1993). Earlier studies reported that mixture of Chinese
herbs had enhanced the nonspeciﬁc immunity in ﬁshes and shrimp
(Luo, 1997; Chansue et al., 2000). Immanuel et al. (2004) stated that
herbal extracts promote better survival and higher production of
Penaeus indicus.  Plant extracts can stimulate immunity even at low
concentration also it is biodegradable and it can be prepared by
adopting a simple technique (Logamble et al., 2000). Herbs also
serve as a nutrient and growth enhancing substance in commercial
aquacultural sector (Jeney et al., 2009).
Moreover, Indian medicinal plants possess antioxidant and
immunomodulating properties that have been proved in mam-
malian models (Agarwal and Singh, 1999). The main advantage
of herbal products are they serve as cheaper therapeutic agent
and have a better accuracy in comparison with chemotherapeu-
tic agents, provides a helpful solution for most of the problems
that aquaculture industry is facing today (Harikrishnan et al., 2011).
Herbs may  also be supplemented along with diets as a mixture or
as an individual supplement (Czech et al., 2009). Considering the
ecofriendly, growth promoting efﬁciency and immunomodulating
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Feed ingredients used for the preparation of Control (C) and experimental (A1–A4)
diets.
Feed ingredients Type of feed/Amount of feed ingredients
Control (C) A1 A2 A3 A4
Fish meal (g) 45 45 45 45 45
Ground nut oil cake (g) 24 24 24 24 24
Soya  meal (g) 13 13 13 13 13
Wheat bran (g) 7 7 7 7 7
Seaweed powder (g) 2 2 2 2 2
Tapioca powder (g) 3 3 3 3 3
*Vitamin and mineral (g) 2 2 2 2 2
Cod  liver oil (g) 2 2 2 2 2
**Gelatin (g) 2 2 2 2 2
AquaImmu (mg/100 g) – 100 200 300 400
***AquaImmu-Polyherbal formulation that contains extracs of Ocimum sanctum,
Withania somnifera, Tinospora cordifolia and Emblica ofﬁcinalis as the major ingredi-
ents at optimum concentrations (Report of Indian Herbs & Research, UP, India).
* Supradyn (Multivitamin tablet with minerals and trace elements).
** Binder.
Table 2
Proximate Composition of control diet (C) and experimental diets (A1–A4).
Feed Protein (%) Carbohydrate (%) Lipid (%)
Control (C) 41.46 ± 0.30 14.44 ± 0.065 9.40 ± 0.036
A1  41.47 ± 0.28 14.62 ± 0.089 9.43 ± 0.083
A2 41.35 ± 0.24 14.49 ± 0.140 9.42 ± 0.081
A3 41.42 ± 0.31 14.37 ± 0.179 9.45 ± 0.077
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)A4 41.46 ± 0.28 14.63 ± 0.122 9.51 ± 0.086
ote: Mean ± SD is the average of three individual estimates.
roperties of herbal supplement, the present study was undertaken
o test the efﬁciency of polyherbal formulation (AquaImmu) of
ndian herbs supply and research company Ltd. (Saharanpur, Uttar
radesh, India) in Penaeus monodon culture system. AquaImmu
owder is a herbal aqua feed supplement that contains extracts
f Indian medicinal plants such as Ocimum sanctum, Withania
omnifera, Tinospora cordifolia and Emblica ofﬁcinalis as the major
onstitutions in their optimum concentration. Moreover they con-
ain provitamin such as vitamin-C and vitamin-E and nutrients such
s terpenes, phenols and amino acids.
. Materials and methods
.1. Collection and maintenance of P. monodon postlarvae
P. monodon postlarvae (PL-15) were obtained from Aquama-
ine hatchery, Pondicherry, Tamilnadu, India. The postlarvae (PL)
ere transported to the laboratory in oxygenated polythene bags
nd were well acclimatized in 1 tonne capacity FRP tank containing
5 ppt ﬁltered sea water. The PL were fed regularly on a commercial
tarter feed (CP NOVA). Water quality parameters were maintained
aily by water exchange.
.2. Experimental diets preparation
The experimental diets were prepared by supplementing the
quaImmu along with basal diet at four different concentrations
iz. 100 (A1), 200 (A2), 300 (A3) and 400 (A4) mg/100 g. Simulta-
eously a control diet (C), devoid of polyherbal supplement was
lso prepared. The basal diet consisted of ﬁsh meal, soybean meal,
heat bran, groundnut oil cake and Tapioca powder with appro-
riate quantities, and the proximate composition of the prepared
iets are given (Tables 1 and 2). The ingredients were mixed well
ith sufﬁcient quantity of distilled water and made as doughs. Then
he doughs were steamed for a duration of 15 min  in a pressure
ooker, after cooling the doughs, the respective concentration of Reports 4 (2016) 143–149
AquaImmu was  added into the respective dough. The additives such
as vitamin and mineral, cod liver oil and gelatin were also added in
the diets, and mixed thoroughly. Finally, the individual dough was
pelletized using a hand pelletizer and dried in a hot air oven at 45◦
C to remove the moisture content. Finally the diets were stored in
individual air tight plastic containers for further use.
2.3. Experimental set up
The entire culture was  performed in an outdoor culture sys-
tem, consisted of ﬁfteen FRP tanks (one tonne capacity with 750 L
of seawater), of which three tanks were segregated as the control
(C) and the rest of the twelve tanks served as the experimental
tanks and the culture experiment was  performed in triplicate. Clay
soil was  spreaded uniformly (pH 7.65 ± 0.42) in all the tank bot-
tom at an equal amount (5 cm height) and then ﬁlled with ﬁltered
seawater (25 ppt salinity). Healthy P. monodon (PL-30) weighing
about 0.101 ± 0.002 g from the stock were released into the respec-
tive control and experimental tanks at a density of 50 PL/tank. The
shrimp were fed on respective control and experimental diets twice
daily (7 a.m and 6 p.m) at ad libitum for a duration of 90 days using
check trays. The unfed remains were collected from the check trays,
to determine the growth responses. The culture tanks were well
aerated by using BOYU (U–9900) aerators. Water exchange (25%)
was performed daily till the end of the feeding experiment.
2.4. Water quality analysis
Water quality parameters such as temperature, pH, dissolved
oxygen, ammonia and alkalinity in the culture tanks were deter-
mined by following the standard methods of APHA (1995).
2.5. Evaluation of survival and growth parameters
The survival of P. monodon was  determined at the end of the
experiment, whereas the growth responses such as production,
FCR, SGR were determined during the 30th, 60th and 90th days
of culture experiment.
Production(g) = Finalwetweight − initialwetweight (i)
Foodconversionratio(FCR) = Totalamountoffeedgiven/
(ii)
Speciﬁcgrowthrate(SGR)(%) = nwl − nwo/t × 100 (iii)
where, n wl is the natural logarithm of ﬁnal weight of shrimp and
n wo  is the natural logarithm of initial weight of shrimp and‘t’
represents the culture duration (days).
Foodconversionefﬁciency(FCE) = Wetweightoftheﬁshproduced(g)
Dryweightofthefeedgiven(g) (iv
Absolutegrowthrate(AGR : g/bodywt/day)
= Finalbodywt − Initialbodywt/Totalnoofdays (v)Growthpercentage(%) = Growth(g)/Experimentalduration × 100
(vi)
ulture Reports 4 (2016) 143–149 145
2
p
c
m
s
v
D
a
w
2
h
w
(
e
2
m
T
d
c
2
m
l
q
L
i
2
i
e
2
P
t
t
a
t
r
2
o
h
V
b
c
P
2
M
0
10
20
30
40
50
60
70
80
90
 C A1 A2 A3 A4
Su
rv
iv
al
 (%
) 
Diets 
b b b 
a 
b 
Fig. 1. Survival of P. monodon fed on control (C) and different concentrations of
AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD of tripli-M.N. Chandran et al. / Aquac
.6. Evaluation of immunological parameters
The immunological parameters such as total haemocyte count,
henoloxidase activity, superoxide anion assay, plasma protein
oncentration, lysozyme assay and bactericidal activity were deter-
ined during the end of the feeding experiment. The haemolymph
amples from control and experimental shrimp were collected indi-
idually from the ventral sinus of P. monodon using sterile 1 ml
ispovan syringe containing 0.1 ml  of 10% precooled sodium citrate
s an anticoagulant. Then the following immunological parameters
ere analysed.
.6.1. Total haemocyte count
Total haemocyte count was determined using a Neubauer
aemocytometer and the haemocytes stained with giemsa’s stain
as observed using light microscope [Hund–Wetzlar D-3550
h500)] at 400× magniﬁcation and the total haemocytes were
xpressed as number of cells ml−1.
.6.2. Phenoloxidase assay
Phenoloxidase (PO) activity was determined according to the
ethod of Hernandez-Lopez et al. (1996) with slight modiﬁcation.
he formation of dopachromes as a result of PO enzyme activity was
etermined using a spectrophotometer and the higher O.D Values
orrespond to the enzyme activity.
.6.3. Superoxide anion assay
Superoxide anion production was performed following the
ethod of Song and Hsieh (1994) with slight modiﬁcation. Nitrob-
ue tetrazolium (NBT) reduction and the formation of formazan was
uantiﬁed in a UV–vis spectrophotometer (TECOMP8500) using
aminarin (L-9634) as an elictor. The increase in optical density
s proportional to superoxide anion production.
.6.4. Plasma protein concentration
Plasma protein content of haemolymph was determined accord-
ng to the method of Lowry et al. (1951) and ﬁnally the result was
xpressed as mg/ml.
.6.5. Lysozyme assay
Lysozyme activity was quantiﬁed according to the method of
arry et al. (1965) with slight modiﬁcation. Micrococcus lysodeik-
icus suspended in 0.05 M sodium phosphate buffer (pH 6.2)
ransferred to a cuvette was read at UV–vis spectrophotometer
t 530 nm without delay. Haemolymph (200 l) was transferred
o the cuvette and the reduction in absorbance was  recorded. The
esult was expressed as U/ml.
.6.6. Bacterial clearance efﬁciency
Bacterial clearance efﬁciency was performed by the method
f Adams (1991) with slight modiﬁcation. The ability of cell free
aemolymph to suppress the growth of overnight broth culture of
. harveyi (1 × 107 CFU ml−1) was taken as a measure to detect the
acterial clearance efﬁciency and the percentage inhibition (PI) was
alculated as
I = 100–(CFUintestgroup/CFUincontrolgroup) × 100.7. Statistical analysis
The data obtained in the present study were expressed as
ean ± SD and were analysed using One-way ANOVA test with acate analysis. Bars with different superscript alphabets are statistically signiﬁcant
(One–way ANOVA test; P < 0.05 and subsequently post hoc multiple comparison with
SNK test).
post hoc multiple comparison of SNK test at a signiﬁcant level of 5%
using a computer software STATISTICA 06 (Statosoft, Bedford, UK).
3. Results
3.1. Survival and overall growth performance of P. monodon
P. monodon fed on control diet showed a low survival of
68 ± 1.50%, whereas the experimental shrimp fed on AquaImmu
supplemented diets displayed better survival of 75 ± 2.12 to
80 ± 1.89% at the end of 90th day of feeding experiment (Fig. 1).
Overall growth performance of P. monodon indicated that a
maximum production of 13.73 ± 0.24 g was recorded by those
shrimps fed on A3 diet when compared to a lower production of
5.698 ± 0.198 g registered by control diet fed shrimp. Likewise, in
P. monodon fed with other experimental diets signiﬁcant (P < 0.05)
increase in production was noticed. A higher speciﬁc growth rate
(SGR) of 5.46 ± 0.138% was recorded in A3 diet fed shrimp, but com-
paratively low SGR (4.48 ± 0.127%) was  recorded in control diet
fed shrimp. Concerning the FCR, a better value of 1.50 ± 0.060 was
attained by the A3 diet fed shrimp, whereas it was 1.85 ± 0.049 in
control diet fed shrimp (Table 3).
3.2. Immunological parameters
3.2.1. Total haemocyte count (THC)
Total haemocyte count was higher in polyherbal diets fed
shrimps and the maximum value of 243.0 ± 2.94 × 105 cells/ml
recorded in A3 diet fed group, whereas in control diet fed shrimp,
a lower THC value of 143.0 ± 4.10 × 105 was noticed (Fig. 2). How-
ever, in other concentrations of polyherbal diets fed shrimp, the
THC was higher (164.0 ± 3.12 to 236.66 ± 3.24 × 105) than the con-
trol group.
3.2.2. Phenoloxidase activity
The phenoloxidase (PO) activity also showed variation among
control and polyherbal supplemented diets fed groups (Fig. 3). The
shrimp fed on A3 diet showed higher (0.113 ± 0.003 OD) PO activity
when compared with other polyherbal diets fed groups. However,
in control diet fed shrimp, a lower PO activity of 0.071 ± 0.002 OD
was recorded.3.2.3. Superoxide anion activity
The result on respiratory burst activity (RB) of P. monodon fed
on control and polyherbal supplemented diets is shown in Fig. 4
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Table 3
Overall growth performance of P. monodon fed on control (C) and different concentrations of AquaImmu (A1–A4) supplemented diets at the 90th day of feeding experiment.
Parameters Growth responses
Control A1 A2 A3 A4
Initial weight (g) 0.102 ± 0.012 0.104 ± 0.014 0.103 ± 0.018 0.101 ± 0.023 0.101 ± 0.028
Final  weight (g) 5.800 ± 0.306a 6.858 ± 0.312b 8.324 ± 0.347c 13.84 ± 0.356d 13.70 ± 0.300d
Production (g) 5.698 ± 0.198a 6.754 ± 0.220b 8.221 ± 0.236c 13.73 ± 0.240d 13.59 ± 0.250d
Food consumed (g) 10.58 ± 0.210 a 11.75 ± 0.212 b 13.77 ± 0.248 c 20.70 ± 0.250 d 20.50 ± 0.226 d
FCE (%) 53.85 ± 1.187a 57.48 ± 1.230b 59.70 ± 1.232b 66.32 ± 1.258c 66.29 ± 1.370c
AGR (g/body weight/day) 0.063 ± 0.004a 0.075 ± 0.006b 0.091 ± 0.007c 0.152 ± 0.008d 0.151 ± 0.002d
SGR (%) 4.48 ± 0.127a 4.65 ± 0.136a 4.88 ± 0.142b 5.46 ± 0.138c 5.45 ± 0.142c
FCR 1.85 ± 0.049a 1.73 ± 0.052b 1.67 ± 0.058b 1.50 ± 0.060c 1.51 ± 0.061c
Growth (%) 6.33 ± 0.132a 7.50 ± 0.114b 9.13 ± 0.126c 15.20 ± 0.142d 15.10 ± 0.110d
Note: Mean ± SD is the average of three individual estimates. Values in a row superscripted with different alphabets are statistically signiﬁcant (One way ANOVA test, P < 0.05
and  subsequently post hoc multiple comparism’ with SNK test).
Fig. 2. Total haemocyte count of P. monodon fed on control (C) and different concen-
trations of AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD of
triplicate analysis. Bars with different superscript alphabets are statistically signiﬁ-
cant  (One–way ANOVA test; P < 0.05 and subsequently post hoc multiple comparison
with SNK test).
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Fig. 3. Phenoloxidase activity of P.monodon fed on control (C) and different concen-
trations of AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD of
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Fig. 4. Superoxide anion activity of P.monodon fed on control (C) and different con-
centrations of AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD
of  triplicate analysis. Bars with different superscript alphabets are statistically
signiﬁcant (One–way ANOVA test; P < 0.05 and subsequently post hoc multiple com-
parison with SNK test).
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Fig. 5. Plasma protein content of P.monodon fed on control (C) and different concen-
trations of AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD ofriplicate analysis. Bars with different superscript alphabets are statistically signiﬁ-
ant  (One–way ANOVA test; P < 0.05 and subsequently post hoc multiple comparison
ith SNK test).
nd it indicated that the RB activity was high of (0.297 ± 0.011
D) in shrimps fed A3 diet; whereas a lower RB activity of
.086 ± 0.008 OD was noticed in control diet fed shrimp. How-
ver, in other AquaImmu treated groups, the RB activity was higher
0.219 ± 0.013 to 0.289 ± 0.009 O.D) than that of the value regis-
ered in control diet fed shrimp..2.4. Plasma protein concentration
The plasma protein content (PPC) was high in experimental
roups, with the maximum value of 57.70 ± 2.01 mg/ml in A3 diettriplicate analysis. Bars with different superscript alphabets are statistically signiﬁ-
cant (One–way ANOVA test; P < 0.05 and subsequently post hoc multiple comparison
with SNK test).
fed shrimp. However, a near maximum value (56.70 ± 1.08 mg/ml)
was noticed in A4 diet fed shrimp. In contrast, low value
(41.66 ± 2.05 mg/ml) of PPC was  noticed in control diet fed shrimp
(Fig. 5).
3.2.5. Lysozyme activity
Lysozyme activity recorded in the haemolymph samples of con-trol and polyherbal supplemented diets fed shrimp is depicted in
Fig. 6. Comparatively, lower (0.190 ± 0.004 U/ml) lysozyme activ-
ity was  observed in control diet fed shrimp; whereas it was higher
(0.354 ± 0.006 U/ml) in A3 diet fed shrimp. But in shrimps fed with
M.N. Chandran et al. / Aquaculture
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Fig. 6. Lysozyme activity of P.monodon fed on control (C) and different concentra-
tions of AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD of
triplicate analysis. Bars with different superscript alphabets are statistically signiﬁ-
cant  (One–way ANOVA test; P < 0.05 and subsequently post hoc multiple comparison
with SNK test).
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Fig. 7. Bactericidal activity of P.monodon fed on control (C) and different concen-
trations of AquaImmu supplemented diets (A1–A4). Each value is the Mean ± SD of
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ith SNK test).
ther experimental polyherbal diets, the range of lysozyme activity
as in between 0.219 ± 0.002 and 0.345 ± 0.004 U/ml.
.2.6. Bacterial clearance efﬁciency
The bacterial clearance efﬁciency was obviously higher in
quaImmu supplemented diets fed shrimp, with the highest value
f 72.0 ± 2.18% in A3 group (Fig. 7). But, in control diet fed shrimp,
he bacterial clearance efﬁciency declined and it was  recorded
s 48.0 ± 2.42%. Meanwhile, in other concentrations of polyherbal
upplemented diets fed shrimp, the bacterial clearance efﬁciency
as in between 52.0 ± 2.34 and 70.0 ± 2.15%.
. Discussion
More recently the uses of herbal medicine in aquaculture to
timulate the nonspeciﬁc immune system of ﬁshes have been rec-
gnized by various researchers (Sakai, 1999; Shao et al., 2004;
an and Vanitha, 2004; Rao et al., 2006; Sahu et al., 2007; Ardo
t al., 2008). Medicinal plants possess growth promoting prop-
rties with negligible side effects or on the other hand do not
ause any side effects (Abutbul et al., 2005; Harikrishnan et al.,
009a). Antibiotics usage in aquaculture is not encouraged due to
any problems like bacterial resistance and the residues that getccumulated in the tissues of cultured organisms and ultimately
ould cause ill effects on human health (Ma  et al., 2006). Hence,
he alternative source is to supplement herbal products in aqua-
ulture system so that a better performance in growth and an Reports 4 (2016) 143–149 147
improvement in the immune system of cultured organisms can be
obtained (Harikrishnan et al., 2009b). Citarasu (2010) reported that
P. indicus post larvae supplemented with herbal products Stresstol
I and Stresstol II enriched Artemia resulted in an increased survival,
growth and food consumption. Similarly, Olmedo Sanchez et al.
(2009) have reported that P. indicus juveniles fed on dietary source
supplemented with FORTIMAX TM that consisted of a combination
of herbal extracts resulted a higher weight gain when compared
to that of control groups. In consistence with the above reports,
in the present study, it is also evidenced that P. monodon fed on
polyherbal – AquaImmu supplemented A3 diet displayed a better
growth (13.73 ± 0.240 g), FCR (1.50 ± 0.060) and SGR (5.46 ± 0.13%)
when compared to control and other experimental diets fed groups.
Similarly, Venketaramalingam and Chirstopher (2007) reported
that P. monodon postlarvae fed on Zingiber ofﬁcinalis enriched
Artemia resulted better FCR and SGR. Also, Chang et al. (2012)
stated that Litopenaeus vannamei juveniles supplemented with Zin-
grone, a constituent of ginger displayed higher weight gain and
feed conversion efﬁciency. Further, in the present study, a higher
(66.32 ± 1.258%) feed conversion efﬁciency was recorded in A3
diet fed shrimp. Moreover, higher survival of 80.0 ± 1.89% was also
recorded in those shrimps fed with A3 diet. Sambhu and Jayprakash
(2001) proved that LIVOL (IHF − 1000), an herbal product served
as an efﬁcient growth promotor at a concentration of 1% along
with the prawn diet. Correlating this Yu et al. (2009) reported
improved growth responses, survival and body composition in L.
vannamei that was fed on medicinal herbs supplemented diets.
Vitamin C in small dose is known to elevate the growth in ﬁshes
(Shobana, 1997; Misra et al., 2007; Tewary and Patra, 2008). The
experimental diets used in the present study contained, Amlaki
a good source of vitamin C, one of the important constituents of
AquaImmu may  be one of the important factor for enhancing the
growth responses in P. monodon. Also the diets contained Ocimum
sanctum, one of the main components of AquaImmu that resulted
in elevating the immune responses in P. monodon, since there are
evidences that their leaves possess water soluble phenol com-
pounds and other constituents such as eugenol, methyl eugenol
and caryophyllene that are capable of stimulating the immune
responses (Shankaramurthy and Kiran, 2013). Likewise, medici-
nal plants such as Tinospora cordifolia (Katiyar et al., 1997) and
Withania somniferia (Devasagayam and Sainis, 2002; Surh, 1999)
a major compound of AquaImmu are well known for their immune
enhancing role. Similarly, Kumari et al. (2004) also pointed out that
freshwater prawn Macrobrachium rosenbergii fed with AquaImmu
up to three weeks enhanced immune response.
Immunostimulants and their application in elevating the
defense system in shrimp and crustaceans has gained much impor-
tance (Sung et al., 1994; Newman, 1996). The non-speciﬁc immune
responses such as phagocytosis, bactericidal activity and respi-
ratory burst activity are enhanced due to their role (Kim et al.,
1999). Traditional medicinal herbs possess a rich source of active
substances that have a potent immunomodulatory role (Hadden,
1993; Gangauly and Sainis, 2001). L. vannamei showed a higher
total haemocyte count (THC), phenoloxidase activity (PO) and bac-
tericidal activity, when they were fed on diets supplemented with
ethanol turmeric extract (Lawhavinit et al., 2011). Macrobrachium
rosenbergii juveniles fed on Z. ofﬁcinalis and Cyanodon dactylon
extract supplemented diets resulted in a signiﬁcantly higher THC,
when compared to control diet fed prawn (El-Desouky et al., 2012).
Likewise, in the present study also, a higher THC of 243 ± 2.94 × 105,
PO activity of 0.113 ± 0.003 OD and RB activity of 0.297 ± 0.011
OD were noticed in P. monodon fed on A3 diet. Furthermore, these
results are in agreement with the ﬁndings of Citarasu et al. (2006),
who stated that the shrimp immune system performed better by
showing a higher ProPO and superoxide anion production when
treated on herbal immunostimulant supplemented diets. Similar
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ffect was noticed in P. indicus fed on Phyllanthus nirurii extract
upplemented diets concerning THC and PO activity (Jayanthi et al.,
012). In the present investigation P. monodon fed on A3 diet
howed a better increase in bactericidal activity of 72.0 ± 2.18%,
ompared to control diet fed P. monodon. Similarly, elevated bacte-
iolytic activity was observed in shrimp and ﬁshes those received
 mixture of chosen Chinese herbs along their diet (Luo, 1997;
hansue et al., 2000). Further, Labeo rohita ﬁngerlings exhibited
n increase in bactericidal level those received a diet enriched with
ifferent doses of Achyranthus (Rao et al., 2006). Lysozyme pro-
ects the host by acting as an important defence mechanism against
nvading pathogens and also serves as an important component of
on-speciﬁc defence mechanism. It has an effective role in elimi-
ating the gram positive and gram negative bacteria (Saurabh and
ahoo, 2008). Immunostimulants can elevate the lysozyme activ-
ty by increasing the phagocyte concentration or by triggering the
mount of lysozyme produced by the cell (Engstad et al., 1992).
he same mechanisms have been reported in different ﬁsh species
Paulsen et al., 2003). Likewise, in the present study an increased
ysozyme activity was observed in polyherbal diets supplemented
iets fed P. monodon with the maximum value of 0.354 ± 0.006 U/ml
ecorded in A3 diet fed shrimp, compared to control diet fed group.
lasma proteins serve as an important component in improving
he immune responses in shrimp (Vargas-Albores et al., 1998).
urther, their agglutination properties have been proved in P. mon-
don (Ratanapo et al., 1990) and also in other shrimp species
uch as P. stylirostris (Vargas-Albores et al., 1992), P. japonicus
Bachere et al., 1995) and P. indicus (Maheswari and Mullainadhan,
997). Cell free haemolymph and cellular factors in eliminat-
ng the pathogens and replacing the damage caused by infection
re of important concern (Sylvester Fredrick and Ravichandran,
012). In the present study the plasma protein content (PPC) was
igh (57.70 ± 2.01 mg/ml) in A3 diet fed group when compared
o a lower PPC of 41.66 ± 2.05 mg/ml  recorded in control diet fed
hrimp. Supplementation of herbal extracts and their products at
ifferent concentrations through the diets helps to elevate immune
esponses of marine ﬁshes and shellﬁshes against pathogens
Maqsood et al., 2011). Herbal products possess antimicrobial prop-
rties and are also capable of serving as growth promoters and
mmunomodulator (Abraham et al., 1997; Immanuel et al., 2004).
mlaki, the main component of AquaImmu serves as rich sources
f vitamin C and there are sufﬁcient reports available on the pos-
tive effect of vitamin C on ﬁsh growth (Shobana, 1997; Misra
t al., 2007; Tewary and Patra, 2008). Moreover, the immunos-
imulating and antioxidant role of vitamin C are reported in
shes (Anderson, 1992; Sakai, 1999; Sahoo and Mukherjee, 2003).
uiet interestingly, the major components of AquaImmu Ocimum
anctum, withania somnifera,  Tinospora cordifolia and Emblica ofﬁc-
nalis have a positive immunomodulatory role (Devasagayam and
ainis, 2002). The active ingredient of Ocimum sanctum improved
he non speciﬁc defense mechanism in Oreochromis mossambicus
gainst Aeromonas hydrophila (Venkatalakshmi and Michael, 2001).
oreover, the leaves of Ocimum sanctum possess phenolic com-
ounds that have an immunostimulatory effect (Shankaramurthy
nd Kiran, 2013). Hence AquaImmu has all these components in
ptimum concentrations and hence it has played a positive role in
mproving growth and immune performance in P.monodon. Finally,
he present results inferred that the polyherbal supplemented
iets fed shrimp enhanced the growth and improved the immune
tatus. In conclusion, it is suggested that polyherbal supplement
quaImmu at an optimum concentration rendered a versatile role
n P. monodon culture system and therefore it could be safely used
n the aquaculture system. Reports 4 (2016) 143–149
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